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PREFACE

The fundamental purpose of this handbook, Maintenance Engineering Techniques,
is to provide authoritative information requisite to the planning and implementation of
effective maintenance engineering programs. A comprehensive discussion of maintenance
engineering functions that must be accomplished in order to insure cost-effective ac-
quisition, operation, and support of Army materiel is presented. The general method
of presentation is to define a function and its importance, and then to provide basic
information on when the function should be accomplished and the techniques that should
be used.

Although written primarily for maintenance engineers, the handbook is structured
with a wider audience in mind. The level of detail and manner of presentation make
the handbook useful for the orientation and guidance of new personnel, Army contractors,
and personnel in engineering disciplines such as system design, reliability, maintainability,
safety, and human engineering. Additionally, management personnel may improve their
understanding of the scope and importance of maintenance engineering by reading the
handbook. Use of the handbook by this wider audience is encouraged. A greater under-
standing of maintenance engineering by the management and engineering disciplines with
which it interfaces will result in more cost-effective Army materiel.

The handbook was prepared by the Orlando Division of Martin Marietta Acrospace
under subcontract to the Engineering Handbook Office of the Research Triangle Institute,
Research Triangle Park, North Carolina, prime contractor of the US Army Materiel
Command. Technical guidance and coordination were provided by an Ad Hoc Working
Group representing the AMC Commodity Commands and agencies.

The Engineering Design Handbooks fall into two basic categories, those approved
for release and sale, and those classified for security reasons. The US Army Materiel
Command policy is to release these Engineering Design Handbooks in accordance with
current DoD Directive 7230.7, dated 18 September 1973. All unclassified Handbooks can
be obtained from the National Technical Information Service (NTIS). Prodedures for ac-
quiring these Handbooks follow:

a. All Department of Army activities having need for the Handbooks must submit
their request on an official requisition form (DA Form 17, dated Jan 70) directly to:

Commander

Letterkenny Army Depot
ATTN: AMXLE-ATD
Chambersburg, PA 17201

(Requests for classified documents must be submitted, with appropriate "Need to Know"
justification, to Letterkenny Army Depot.) DA activities will not requisition Handbooks
for further free distribution.

b. All other requestors, DoD, Navy, Air Force, Marine Corps, nonmilitary Government
agencies, contractors, private industry, individuals, universities, and others must purchase
these Handbooks from:

National Technical Information Service
Department of Commerce
Springfield, VA 22151

XXi
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xxii

Classified documents may be released on a “Need to Know™ basis verified by an official
Department of Army representative, and processed from Defense Documentation Center
(DDC), ATTN: DDC-TSR, Cameron Station, Alexandria, VA 22314,

Comments and suggestions on this Handbook are welcome and should be addressed
to:

Commander

U S Army Materiel Command
ATTN: AMCRD-TV
Alexandria, VA 22333

(DA Forms 2028, Recommended Changes to Publications, which are available through
normal publications supply channels, may be used for comments/suggestions )
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CHAPTER 1
INTRODUCTION

This chapter defines maintenance engineer-
ing and discusses the concepts, philosophies, and
practices it applies throughout the life cycle of
a materiel acquisition program. The relationship
of maintenance engineering to maintenance is
described. Maintenance engineering objectives
are listed, and activities contributing to their
attmmnment are outlined. Design disciplines and
support elements interfacing with maintenance
engineering are identified, and the techniques
used to coordinate design and support element
activities are presented.

1-1 WHAT IS MAINTENANCE
ENGINEERING?

Maintenance engineering is a distinct dis-
cipline established as one of the principal ac-
tivities within the maintenance organizational
structure of each military service and within
most industries that produce products requiring
maintenance. The Department of Defense de-
fines maintenance engineering as “that activity
of equipment maintenance which develops con-
cepts, criteria and technical requirements dur-
ing the conceptual and acquisition phases to
be applied and maintained in a current status
during the operational phase to assure timely,
adequate and economic maintenance support of
weapons and equipments” (Ref. 1). The re-
mainder of this paragraph will interpret this
definition by eclaborating on the specified func-
tions and giving an overview of how they are
accomplished.

The major maintenance engineering con-
tributions to a materiel program are to insure
that the materiel is designed for ease and econ-
omy of support, to define and develop an ade-
quate and economic maintenance support sub-
system that will be available when the materiel
is deployed, and to monitor and improve the
subsystem until the materiel is removed from
the inventory. Design for ease and economy of
support is obtained by determining optimum
levels of materiel reliability, maintainability,
human factors, safety, and transportability de-
sign features, and transmitting these features
as requirements to design engineers. Require-
ment decisions result from a series of main-

tenance engineering analyses that trade off
materiel operational requirements, acquisition
costs, and support costs.

The support subsystem is comprised of
support resources such as trained personnel, re-
pair parts, and Technical Manuals required to
support the materiel after it is deployed. Main-
tenance engineering develops the basis for the
subsystem by a series of maintenance engineer-
ing analyses that identify and refine the re-
quirecments for each type of support resource.
The requirements specify where, when, how,
why, with what, and by whom the necessary
actions will be taken to retain equipment in
or restore it to a serviceable condition. After
materiel deployment, these requirements are
modified when analysis of available data shows
that improvements in maintenance economy
and efficiency are feasible.

To accomplish its mission, maintenance en-
gineering conducts two closely related types of
planning: one involves planning the support of
materiel; the other involves planning for the
acquisition of resources to provide the planned
support. The first type of planning is accom-
plished almost solely by maintenance engineer-
ing, and is constrained by operational require-
ments and materiel design. The other planning
is accomplished mainly by organizational sup-
port clements in consonance with the mainte-
nance engineering analyses, planning, and
resultlng requirements. Maintenance engineer-
ing consolidates all of the planning decisions
into materiel support plans, which become part
of a total plan for materiel acquisition and
deployment.

Maintenance engineering is a dynamic
function. The depth of analyses and con-
sequently the depth of detail in the generated
plans and requirements are limited by available
design and support data. These data are quite
gross at the start of most materiel programs,
but become increasingly detailed as time prog-
resses. As a result of iterative analyses, main-
tenance “engineering plans and design and sup-
port requirements are progressively refined. An
exception to the foregoing occurs when a
materiel program involves the procurement and
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deployment of off-the-shelf equipment. In this
case, complete design data and operational re-
quirements are immediately available, and the
development and refinement of plans and sup-
port requirements can be accomplished with
relatively few iterations of the maintenance
analysis process.

It is important to note that maintenance
engineering is responsible for generating design
and support requirements, for monitoring ac-
tions taken to satisfy the requirements, and for
judging the adequacy of the actions, but usually
is not responsible for taking the actions. For
example, maintenance engineering might im-
pose a materiel design requirement for modular
packaging, and a support requirement for re-
moval and replacement of modules at the or-
ganizational level of maintenance. The latter re-
quirement is then refined into detailed require-
ments specifying the personnel skills and quan-
tities and repair parts required and describing
how the maintenance action will be performed.
The design requirements are submitted to de-
sign personnel, and the support requirements
are submitted to personnel in the personnel
training, repair parts, and technical publica-
tions support organizations. In both cases,
maintenance engineering takes no action to ac-
tually satisfy the requirements, but is respon-
sible for insuring that the requirements are sat-
isfied according to schedules that are compati-
ble with deployment schedules.

An analogy can be drawn between system
engineering and hardware development, and
maintenance engineering and support subsys-
tem development. The system engineer estab-
lishes the overall design concept, performance
requirements, and interfaces among functional
system clements. Detailed design (system elec-
tronics or hydraulics, for example) is performed
by other disciplines. Similarly, the maintenance
engineer establishes the overall support concept,
performance requirements for the support
resources, and interface requirements. Detailed
design of the resources is accomplished by other
disciplines. Thus, the maintenance engineer is
the system engineer for the maintenance sup-
port subsystem.

Maintenance engineering is a technical
analysis and planning function rather than a
function that physically performs maintenance.

1-2

The end products of the analysis and planning
are mission-ready end item weapons and equip-
ment. The maintenance engineering effort,
therefore, is oriented toward end items as sys-
tems, as contrasted with considering end items
that are associated with more than one system
as a homogencous group (Ref. 1).

Maintenance engineering participates
throughout the life cycle of a materiel acquisi-
tion program, and all significant decisions and
findings are based on maintenance engineering
analyses. During the conceptual phase for new
materiel, historical maintenance data and sup-
port concepts are researched for use in devel-
oping materiel technical requirements (Ref. 1).
Maintenance analyses are then conducted to de-
velop a broad general plan for logistic support
that identifies anticipated critical issues of sup-
portability, the anticipated materiel logistic en-
vironment, goals for life cycle support costs,
and recommended maintainability and reliabili-
ty parameters. This plan becomes part of an
overall plan for acquiring the materiel (Ref. 2).
Although all program decisions are important,
the initial support decisions are of particular
significance, since, barring program reorienta-
tion, all subsequent support decisions are refine-
ments of the initial decisions.

During the next phase, which involves def-
inition and validation of the sclected approach,
studies are conducted, prototype hardware may
be designed, and final reports, which include
plans for materiel development are prepared
Maintenance engineering participates in the
support aspects of all these activities. It pro-
vides support guidance, conducts support trade-
offs, provides information for reliability and
maintainability studies, and updates and ex-
pands the maintenance analyses, which are still
generalized, but of increasing depth, since func-
tional design information is available to aug-
ment historical data. Mathematical and sim-
ulation support models are used during this and
subsequent phases. The results of maintenance
engineering activity are a firm system main-
tenance concept, support plans, and mainte-
nance related specifications.

Maintenance engineering activity starts to
peak as materiel is designed, developed, and
tested. Previously described activities are con-
tinued, and, as soon as preliminary engineering




drawings are available, formal documentation
of maintenance engineering analysis data is in-
stituted. This analysis is continuously updated
as the design evolves and becomes more de-
tailed. All design changes are evaluated to de-
termine the impact on support parameters, and
in turn, maintenance analysis reveals deficien-
cies that require design changes. Although
many design changes are anticipated prior to
production, early analysis is necessary in order
to provide early planning data for long-lead sup-
port resources. The early maintenance analysis
should be conducted in accordance with the
same procedure as that used later in the pro-
gram, and the data generated should be in the
same format, to the extent possible, and limited
only by the degree of design detail available.
Requirements for the complete support subsys-
tem are refined, and support resources are de-
veloped. Production configurations of operating
materiel and support equipment and the
resources of appropriate support clements are
tested as a system to determine the adequacy
of the planned support. These maintenance en-
gineering activities will result in final materiel
support plans and an operating maintenance
analysis data system.

As production is accelerated, maintenance
engineering activity declines from its peak. De-
sign change impacts are analyzed; compatibility
is maintained between the design changes, the
data system, and the matericl support plans;
and the acquisition of support resources is mon-
itored. Additionally, a plan is prepared for mod-
ifying the materiel if modifications are required
after it is deployed.

During deployment, maintenance engineer-
ing evaluates and analyzes the maintenance and
operating experience of deployed materiel. The
efficiency and effectiveness of support are de-
termined, in large part, by comparing field data
with the maintenance analysis data that were
previously compiled. Problems are solved by in-
depth maintenance analyses. In some cases, the
solution will be to modify the maintenance sup-
port plans. In other cases, both hardware
changes and support plan modifications will be
required. As the materiel life cycle approaches
its conclusion and sufficient data relating to
the future force structure become available,
maintenance engineering prescribes technical
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criteria regarding the final disposal of materiel,
and a plan is prepared for removing the
materiel from the inventory. Preparation and
implementation of the plan are not maintenance
engineering responsibilities.

Maintenance engineering depends heavily
upon historical maintenance data. It is virtually
the only type of data upon which to base
decisions during the early part of a materiel
program. Subsequently, design data upon which
to base technical decisions become available,
but historical data remain as a valuable source
of ideas and a tool with which to test the validi-
ty of analytical determinations. Analysis of past
experience reveals which characteristics have or
have not proved satisfactory on existing items.
Such analysis discloses major downtime con-
tributors, indicates high failure rate items,
identifies design features that benefit support,
identifies prime contributors to high cost, in-
dicates maintenance man-hour requirements,
helps identify trouble spots, and provides pa-
rameters for analyses.

Without the benefit of the operational and
support history of previous systems, the main-
tenance engineer cannot perform his function
efficiently and effectively on a new system.
This highlights an easily overlooked fact: data
acquired and analyzed after deployment of a
system benefit not only the system itself, but
also future systems.

Materiel support resource requirements
vary with design changes, and are termed sup-
port parameters when considered in this light.
Similarly, design features that impact support
requirements are termed maintenance param-
cters. One of the most important maintenance
engineering functions is to influence the main-
tenance parameters in order to reduce the cost -
of the support parameters by an amount greater
than any increase accruing to materiel acquisi-
tion costs as a result of design changes. For
example, the design of equipment with discard-
at-failure modules will normally improve
materiel availability and reduce the costs of the
personnel, training, and publication support pa-
rameters. On the other hand, repair part costs
and basic hardware costs will probably increase.
If the total of the reduced costs exceeds the
total of the increased costs, on a life cycle basis,
discard-at-failure modules comprise a desirable
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maintenance parameter. A proper course of ac-
tion cannot be selected without a detailed trade-
off. Par. 1-3 discusses maintenance engineering
objectives, and it will be noted that many of
these objectives can be attained by properly in-
fluencing design. It must be emphasized, how-
ever, that each item of materiel and its op-
crational requirements pose a unique problem,
and maintenance parameters suitable for one
combination might be undesirable for another.

1-2 INTERFACE BETWEEN MAINTENANCE
ENGINEERING AND MAINTENANCE

Maintenance engineering and maintenance
are two distinct disciplines with well-defined
interfaces. Maintenance engineering assists in
the acquisition of resources required for main-
tenance and provides policies and plans for the
utilization of the resources in accomplishing
maintenance. Maintenance activities make use
of the resources in physically performing those
actions and tasks attendant on the equipment
maintenance function for servicing, repair, test,
overhaul, modification, calibration, modern-
ization, conversion, etc. (Ref. 1).

Maintenance engineering activities begin
in the conceptual phase of a materiel program
and continue throughout its life cycle. Main-
tenance activities begin at the start of the
deployment phase and continue until disposal.
During the deployment phase, when the two
activities are concurrent, maintenance person-
nel document maintenance experience in for-
mats prescribed by applicable directives. Main-
tenance engineering analyzes these data and
may establish requirements for equipment mod-
ifications and modified maintenance policies or
plans (Ref: 3).

Maintenance engineering defines, in-
tegrates, and evaluates the total support sub-
system. Any changes in system technical re-
quirements or in the support plan that are sub-
jected to a maintenance analysis invariably will
impact upon more than one support clement.
Maintenance is performed at levels identified
as organizational, field, and depot, each of
which is devoted to the maintenance of system
components specified by maintenance engineer-
ing. Maintenance personnel are not responsible
for considering the total support subsystem,
which would, of course, duplicate maintenance
engineering functions.

1-4

Although maintenance engineering and
maintenance have the same objective, i.e., mis-
sion ready equipment at lowest cost, the en-
vironments in which they function are signifi-
cantly different. Maintenance engineering is an
analytical function and, as such, is methodical
and deliberate. On the other hand, maintenance
is a function which, particularly in combat,
must be performed under adverse circum-
stances and great stress. At such a time, its
one goal is to rapidly restore the equipment
to an operational status with the resources at
hand. Whether the task can be performed rapid-
ly and economically under those circumstances
depends in large part upon how well past main-
tenance engineering decisions reflect an under-
standing of maintenance problems generated by
the operational environment.

1-3 MAINTENANCE ENGINEERING
OBJECTIVES

The fundamental objectives of mainte-
nance engineering are to insure that new
materiel is designed for case of maintenance
and that an adequate economic support sub-
system is provided in a timely manner. These
objectives must be attained concurrently to
reach an optimum balance between design and
support. It is possible to provide an optimum
support subsystem for a poorly conceived de-
sign, but this subsystem would represent failure
in the achievement of the maintenance engi-
neering design objective, and consequently
would not be comparable economically to a sup-
port subsystem for well-designed materiel. The
design and support objectives are inseparable.

The fundamental objectives may be at-
tained through identification and attainment of
a series of contributing objectives (Ref. 4). Each
objective is very important, but is termed con-
tributing because its accomplishment merely
contributes to accomplishment of the
fundamental objectives rather than their com-
plete accomplishment. The contributing objec-
tives are:

a. Reduce the amount and frequency of
maintenance.

b. Improve maintenance operations.
¢. Reduce the amount of supply support.

d. Establish optimum frequency and extent
of preventive maintenance to be performed.




e. Minimize the effect of complexity.
[ Reduce the maintenance skills required.

9. Reduce the volume and improve the
quality of maintenance publications.

h. Provide maintenance information and
improve maintenance educational programs.

i Improve the maintenance organization.

J. Improve and insure maximum utiliza-
tion of maintenance facilities.

The actions required for attainment of the
contributing objectives (Ref. 4), and hence the
fundamental objectives, must start when
materiel is being conceived and must continue
until it is removed from the inventory. The ac-
tions impact design, and the structure and ap-
plication of support resources. Some of the ac-
tions, by strict definition, do not fall within
maintenance engineering functions, but since
they impact adequacy and economy of support,
maintenance engineering must provide lead-
ership in insuring that they are accomplished.
" Each contributing objective and some of the
more important actions supporting its attain-
ment follow. Wherever appropriate, the phrase
“when cost-effective” should be considered
implicit in the action statements. It will be
noted that some of the actions support the at-
tainment of more than one objective.

a. Reduce the amount and frequency of
maintenance:

(1)Establish a support concept and
qualitative design requirements when materiel
is being conceived.

2) Establish quantitative
maintainability and reliability design features
carly enough to permit their incorporation into
the materiel development program.

(3) When feasible, stress modular
packaging, quick go/no-go diagnostics, prog-
nostics, and accessibility.

(4) Make maximum use of test and
maintenance data in establishing and eval-
uating support element resources.

(5) Accomplish a teardown of materiel
prior to preparation of final maintenance alloca-
tion charts and initial provisioning.

(6) Obtain and analyze maintenance,
performance, and failure data from the field,
and correct discrepancies.
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(7) Perform no unnecessary mainte-
nance.

(8) Carefully establish inspection pro-
cedures and criteria by which to determine re-
pair eligibility of materiel.

(9) Publish lists of materiel to be can-
nibalized or salvaged when it becomes un-
serviceable.

b. Improve maintenance operaticns:

(1) Define and apply the best of cur-
rent management and maintenance techniques.

(2) Research industry practices,
participate in symposia, and review trade
publications.

(3) When possible, establish standard
commercial-type test, measurement, and diag-
nostic/prognostic equipment, tools, and han-
dling equipment for use in maintenance shops.

(4) Develop uniform criteria and pro-
cedures for computing maintenance workloads.

(5) Establish a file of reference data
on all work operations, including time and over-
haul standards, layouts, tool and equipment re-
quirements, and related information, to expedite
planning and accomplishment of recurring op-
erations.

(6) Develop and apply simplified inter-
nal budgeting techniques to control costs in
maintenance shops.

¢. Reduce the amount of supply support:

(1)Reduce the number of varieties of
cquipment, components, and repair parts by
standardization, eliminating nonessential items,
phasing out obsolete materiel, emphasizing geo-
graphical standardization, and, when feasible,
using restrictive procurement to augment exist-
ing inventories with identical items.

(2) Screen repair parts lists and
climinate duplications.

(3) Use cannibalization as a source of
low mortality repair parts and for repair parts
not type classified as standard during the latter
part of the materiel life cycle.

(4) Maintain current, worldwide in-
ventories of materiel requiring repair parts sup-
port.

(5) Develop and publish data identify-
ing where repair parts are used, by make, mod-
el, and serial number, if necessary, of end
items, assemblies, and components.
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(6) Determine and publish data per-
taining to repair parts interchangeability.

(7) Periodically review authorizations
of expendable supplies and assure compatibility
between current authorizations and require-
ments.

d. Reduce the frequency and extent of pre-
ventive maintenance to be performed:

(1) Establish design requirements such
as seclf-adjusting assemblies, self-lubricating
bearings, and corrosion-resistant finishes.

(2) Apply diagnostic/prognostic equip-
ment and techniques to eliminate teardown in-
spections for determining required mainte-
nance.

(3) Establish realistic preventive main-
tenance intervals based initially upon historical
and design data, and adjust the intervals when
field experience data become available.

(4) Insure that current preventive
maintenance checklists are in the hands of the
user.

e. Minimize the effect of complexity:

(1) Design materiel for maximum
practical reliability and maintainability.

(2) Design materiel to permit accom-
plishment of organizational maintenance by
casy removal and replacement of modules or
assemblies.

(3) Design to provide with the max-
imum practical number of discard-at-failure
modules.

(4) Provide for diagnostics/prognostics
by built-in test equipment (BITE) and auto-
-matic test equipment (ATE) that is easy to op-
erate and interpret.

(5) Accomplish maintenance by re-
placement of picce parts as a last resort and
only at the depot level.

(6) Provide depots with automatic test
cquipment, and minimize depot requirements
for manual troubleshooting.

f- Reduce the maintenance skills required:

(1) Establish, during the conceptual
phase, an optimum support concept and qual-
itative design requirements that are compatible
with materiel mission requirements.

(2) Establish quantitative
maintainability and reliability design features

early enough to permit their incorporation into
the materiel development program.

(3) When practical, stress simple
go/no-go diagnostics and discard-at-failure mod-
Lles.

(4) Establish design features that
eliminate or minimize the need for mainte-
nance.

g. Reduce the volume and improve the
quality of maintenance publications:

(1) Use the most advanced and proven
military, educational, and commercial tech-
niques for the presentation of material.

(2) When such presentation is effec-
tive, present information with combinations of
microfilm and taped aural narration.

(3) Make maximum use of illustra-
tions, charts, and tables.

(4) Periodically review maintenance.
publications to assure currency.

(5) Critically review maintenance en-
gineering analysis data provided to equipment
publications personnel as the basis for manuals.

(6) Conduct careful validation and ver-
ification programs for maintenance publica-
tions.

(7) Stress adherence to standard def-
initions and symbols.

(8) Make maximum use of manufac-
turers’ manuals.

h. Provide maintenance information and
improve maintenance educational programs:

(1) Establish and maintain a program
for dissemination of digested maintenance in-
formation of general value to maintenance per-
sonnel.

(2) Use available communication
media, including military and commercial
publications and presentations to military and
civilian personnel, to stress the importance of
maintenance.

(3) Insure that key management per-
sonnel, both directly and indirectly associated
with maintenance, are adequately indoctrinated
with the objectives and importance of main-
tenance engineering and maintenance by at-
tending appropriate schools as a part of their
career development program.




(4) Insure that agencies involved in the
maintenance indoctrination of personnel use
current material.

(5) Conduct on-the-job maintenance
training to augment formal training courses.

i Improve the maintenance organization:

(1)Place maintenance activities in a
position in the organizational structure which
provides for authority commensurate with the
continuously increasing scope and magnitude of
their responsibilities.

(2) Periodically evaluate the personnel
and equipment resources assigned to mainte-
nance organizations by determining workloads
and resource utilization rates, and make appro-
priate changes.

(3) Develop and apply improved stand-
ards for determining the maintenance resources
required to accomplish actual maintenance
workloads and similar standards for accurately
predicting maintenance workloads that will be
generated by new materiel.

(4) Monitor depot maintenance oper-
ations, and, when appropriate, insure that suc-
cessful innovative management procedures and
techniques proven at one depot become standard
for all depots.

J. Improve and insure maximum utiliza-
tion of maintenance facilities:

(1) Continuously survey existing Army
depot maintenance facilities for essentiality and
maximum utilization.

(2) Identify and segregate excess costs
resulting from underutilized capabilities of
depot maintenance shops, and take appropriate
action.

(3) Schedule the total depot mainte-
nance workload into the minimum number of
depot maintenance facilities that can efficiently
.and economically accomplish the work with one-
shift operations.

(4) Combine maintenance functions
and allied trade shops, and use cross-servicing
agreements with other services when econom-
ical and practical.

(5) Reduce the variety of facilities,
special tools, and test, measurement, and di-
agnostic equipment by standardization,
climinating obsolete and nonstandard supply
items, establishing uniform maintenance proce-
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dures and,shop layouts, and conducting effec-
tive maintenance engineering activities during
the development of special tools and test, meas-
urement, and diagnostic equipment.

1-4 INTERFACE AMONG MAINTENANCE
ENGINEERING ELEMENTS AND
RELATED DISCIPLINES

Maintenance engineering is the interface
between system design and system support. It
influences design by levying requirements on
the design disciplines of reliability,
maintainability, human factors, safety, and
transportability. It controls the design of sys-
tem support since it is the sole activity that
establishes resource requirements that must be
satisfied by the support subsystem. The require-
ments are further refined and the resources are
developed and acquired by organizational en-
tities called support elements, which are estab-
lished for support equipment, repair parts and
support, equipment publications, personnel and
training, facilities, supply and maintenance
technical assistance, contract maintenance, and
transportation and packaging.

Fig. 1-1is a chart of maintenance engi-
neering intgrfaces with these elements. The
focal point of the chart contains the three in-
separable maintenance engineering ecle-
ments— analysis, planning, and documentation.
Analysis and planning comprise the systematic
process by which maintenance engineering con-
siders all factors bearing on timely and eco-
nomic support, and reaches a decision. Docu-
mentation is a systematic recording of the
analysis process and of the decisions reached.
Analysis, planning, and documentation are ac-
complished within a broad spectrum of formali-
ty. At one extreme, analysis and planning can
involve the solution of a current problem by
the simple application of historical data and
judgment. The companion documentation could
be correspondence documenting the solution and
giving the rationale, and a milestone in a plan.
The middle of the spectrum is represented by
analyses involving trade-offs among various
support alternatives, reaching a decision, and
documenting the trade-offs and the decision.
Typical of the other spectrum extreme are
formal analysis, planning, and documentation
involving detailed examination of system
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materiel to determine support requirements and
other maintenance-relevant data, and recording
the results in a prescribed format.

The activities (except provisioning) shown
in Fig. 1-1apply to all materiel program phases.
Maintenance engineering starts influencing de-
sign and defining support requirements in the
conceptual phase and continues until disposal.
At any point during the program phases, main-
tenance engineering is aware of the status of
design, and the status of the support subsystem.
If design were frozen at any point, subsequent
maintenance engineering effort would be
devoted to refinement of the support subsystem
to the degree permitted by the depth of design
information. This situation rarely occurs. De-
sign is constantly evolving, even during deploy-
ment, as is the support subsystem. As a result,
maintenance engineering is continuously receiv-
ing design and support status information, per-
forming and documenting analyses, updating
plans, and issuing requirements to the design
and support functional elements. Maintenance
engineering design requirements may mnot
always be completely satisfied because of con-
flicts with system constraints such as allotted
time, performance, size, weight, and available
funds. Support requirements are essentially
directive in nature, and will be satisfied.

The interfaces among maintenance engi-
neering and the related disciplines can best be
described by briefly discussing the contribution
of each discipline to support and the type of
information that flows between maintenance
engineering and the disciplines. The design dis-
ciplines will be discussed first, in the order in
which they are shown in Fig. 1-1.

Reliability is a characteristic of design
that can be expressed briefly as the probability
that equipment will perform without failure for
a specified time under stated conditions. An a-
nalogous definition for maintainability is the
probability that an item can be repaired in a
specified time under stated conditions. These
two design characteristics are very important.
They combine to produce availability, which is
the probability that materiel will be available
for use, when required, under stated conditions.
They are also the largest generator of support
resource requirements, since failures resulting
from unreliability generate the corrective main-
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tenance workload, and the level of
maintainability determines how economically
the maintenance can be accomplished.

The leverage reliability exerts on the sup-
port elements can be appreciated by observing
that an item that will function throughout its
intended life cycle with no failures requires no
maintenance corrective support other than the
end items required to replace items lost in com-
bat or otherwise destroyed. It would not be
logical to plan for the repair of such equipment.
Unfortunately, complex systems with 100 per-
cent reliability are technically or economically
impossible to produce, and therefore the main-
tenance support must be planned for military
materiel. Maintenance engineering participates
in the establishment of initial reliability re-
quirements. Major considerations are oper-
ational requirements, historical data, reliability
state of the art, support resource requirements,
and materiel acquisition costs. As the program
progresses, the reliability requirements are
refined whenever it can be demonstrated that
operational requirements can be satisfied with
reduced life cycle costs. Reliability analyses
continuously provide maintenance engineering
with predicted reliability or observed reliability,
depending upon the materiel program phase.

Predicted reliability data tend to be op-
timistic when compared to failures that actually
occur when materiel is in the hands of the user,
because reliability engineers normally deal with
inherent reliability—the reliability of the paper
design—rather than with reliability of the field-
ed materiel. Inherent reliability does not ac-
count for failures that might result from ac-
tivities such as manufacturing, acceptance
tests, user maintenance activities, and operator
errors. Maintenance engineering ascertains how
reliability data were derived and, when appro-
priate, modifies the data with field experience
and maintenance engineering judgment.

The objective of maintainability is to de-
sign equipment that will satisfy operational
availability requirements and can be main-
tained easily and economically. In relation to
support, the term “easily” implies low personnel
skills, simple diagnostic procedures, and min-
imum times to remove, replace, and test the
failed, replaceable unit. The term “economi-
cally” implies accomplishment of the mainte-
nance at lowest life cycle cost. Maintainability
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and maintenance engineering objectives with
regard to ease and economy of maintenance are
the same. Maintenance engineering provides
general requirements to maintainability by
means of the maintenance concept, assists in
the interpretation of the concept and in the con-
duct of design and support trade-offs, and
transmits specific requirements as they become
available from analysis. Maintainability deter-
mines design features such as equipment pack-
aging and diagnostics that economically satisfy
both operational requirements and the mainte-
nance concept and incorporates the features
into materiel design. Design maintenance char-
acteristics and predicted or observed repair
times are transmitted to maintenance engineer-
ing.

Human factors and safety are disciplines
closely related to each other, and to main-
tainability. The objective of human factors is
to design both operational and support equip-
ment so that its use and maintenance are com-
patible with human capabilities. The objective
of safety is to design the same equipment so
that it can be operated and maintained safely.
Maintenance engineering requirements for these
disciplines are based on historical data, design
analysis, and observation of activities involving
the operation and maintenance of hardware.
The disciplines transmit design information and
safety procedures to maintenance engineering.

Transportability, in its broadest sense, is
a design characteristic that establishes the
transportation, handling, and packaging re-
quirements for equipment. Some trans-
portability features might be dictated by special
operational requirements—such as a capability
for equipment to be delivered by parachute.
Others—such as compatibility with standard
transportation and handling equipment, ade-
quate tiedown and lift points, and compatibility
with standard packaging and preservation tech-
niques—are established by maintenance engi-
neering. Materiel design is monitored by main-
tenance engineering to insure that trans-
portability requirements are satisfied.

Maintenance engineering derives quanti-
tative and qualitative resource requirements for
cach of the support elements by analyzing avail-
able data—including design information, histor-
ical data, and operational requirements— as they
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apply to the current maintenance concept. The
requirements include delivery schedules that
must be satisfied. The support functional ele-
ments feed back detailed plans for satisfying
the requirements, and maintenance engineering
develops a materiel support plan that defines
how each type of resource will be used in
logistic support and how it will be obtained.
Typical products of each support element, other
than a plan, and the nature of the requirements
received by the element from maintenance en-
gineering are discussed in the paragraphs that
follow.

Support equipment includes test, measure-
ment, and diagnostic equipment, handling
equipment, tools, calibration equipment, and
training equipment. Maintenance engineering
transmits requirements to the support equip-
ment clement for both new and standard sup-
port equipment. The new equipment undergoes
a design cycle identical to that of operational
cquipment, and maintenance engineering in-
fluences the design as previously described. Use
locations and quantities for all support equip-
ment are refined, and requirements and sup-
porting data for provisioning the equipment are
transmitted to the support equipment clement.
Maintenance engineering plans the support of
support equipment in the same manner that
it plans the support of operational equipment.

Repair parts and support include repair
parts and maintenance floats. Maintenance en-
gineering identifies all requirements for repair
parts and maintenance floats, and generates
other data required to provision the items. Re-
quirements and documentation are transmitted
to the repair parts and support functional ele-
ment for satisfaction of the requirements.

After receiving maintenance engineering
requirements, personnel from the support equip-
ment and repair parts and support functions
partlclpate in provisioning activity. The
provisioning activity has the objective of assur-
ing that support equipment and repair parts
will be available in the proper locations, when
they are required (Ref. 5). The full provisioning
cycle<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>